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In  general,  there  is  a  wide  range  of  literature  covering  the  area  of  thermal  comfort,  but  not  a  focused 
literature  review  of  thermal  comfort  in  hospitals  has  published  yet  However,  there  has  been  no  study  on 
the  direct  effect  of  thermal  comfort  on  health.  The  authors  have  found  a  reasonable  amount  of  literature 
in  thermal  comfort  in  hospitals.  This  paper  presents  a  literature  review  on  thermal  comfort  in  hospitals. 
From  the  review,  the  paper  concludes  that  it  is  important  to  undertake  original  studies  in  the  relationship 
between  thermal  comfort  conditions  and  productivity  for  hospital  staff.  The  study  finally  concluded  that 
it  is  important  to  find  some  solutions  to  reconcile  the  different  thermal  comfort  conditions  required 
by  different  occupants  in  hospitals.  These  solutions  could  be  used  whenever  patients  and  the  attending 
caregivers  have  to  stay  in  one  room  for  a  long  time  compulsorily. 

©  2012  Elsevier  Ltd.  All  rights  reserved. 
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1.  Introduction 

Several  studies  that  have  led  establishing  several  standards  in 
thermal  comfort  for  occupants  in  buildings  are  related  to  normal 
groups  of  occupants  in  general.  Some  researches  have  been  under¬ 
taking  the  discussions  of  the  desired  thermal  conditions  for  special 
groups  of  people,  but  these  studies  are  not  reflected  in  the  forms  of 
standards  yet  and  it  looks  to  be  a  lack  of  knowledge  in  this  field.  Part 
of  these  researches  has  been  done  in  thermal  comfort  for  hospital 
occupants,  including  patients  and  hospital  personnel.  The  indoor 
air  quality  in  these  environments  is  still  under  the  shadow  of  the 
influence  of  infections  on  the  healing  process  of  patients.  Hygiene 
and  safety  are  the  main  parameters  to  establish  building  codes  and 
standards  for  hospitals  currently.  It  seems  that  published  standards 
for  these  kinds  of  buildings  are  still  missing  the  concept  of  thermal 
comfort  as  a  part  of  patients’  healing  process.  Although  studying  the 
indoor  thermal  comfort  conditions  for  hospital  occupants  looks  to 
be  a  new  matter,  but  in  regarding  to  the  volume  of  publications  pre¬ 
sented  in  this  subject  during  the  last  few  years,  it  seems  to  be  a  new 
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direction  in  this  field  which  needs  more  attention.  This  paper  is  a 
literature  review  on  the  concept  of  thermal  comfort  in  hospitals, 
and  it  aims  to  publish  a  preface  for  a  guideline  in  this  subject. 

2.  Literatures  of  thermal  comfort  in  hospitals 

Currently  there  is  a  considerable  volume  of  literature  in  thermal 
comfort  studies  for  hospitals  and  other  healthcare  buildings.  While 
some  studies  are  focused  on  the  environmental  parameters  such 
as  indoor  temperature,  humidity  and  air  movement,  some  other 
investigations  have  been  presented  in  terms  of  thermal  discomfort 
and  thermal  sensation  of  patients  and  hospital  staff.  Some  part  of 
literature  in  this  field  is  focused  on  the  assessing  the  impact  of  tem¬ 
perature  and  humidity  variations  on  infections,  bacterial  growth, 
and  air  borne  bacteria.Indoor  air  quality  and  hygiene 

First  part  of  studies  undertaken  in  hospitals  in  this  field  con¬ 
centrates  on  the  influence  of  indoor  air  quality  on  hygiene  of 
these  environments.  For  example,  although,  ASHRAE  presents 
chapter  seven  of  its  Applications  Handbook  regarding  the  health¬ 
care  facilities,  but  thermal  comfort  concept  seems  to  have  been 
ignored  within  this  publication  as  an  important  subject.  According 
to  chapter  seven  (healthcare  facilities)  of  the  ASHRAE  Applica¬ 
tions  Handbook  [1],  temperature  and  humidity  can  inhibit  or 
increase  the  growth  of  bacteria,  and  activate  or  deactivate  viruses 
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Table  1 

Factors  of  indoor  air  quality  recommended  by  ASHRAE  [1  ]. 


Function  space 

Pressure 
relationship  to 
adjacent  area 

Minimum  air 
changes  of  outside 
air  per  hour 

Minimum  total  air 
changes  per  hour 

All  air  exhausted 
directly  to  outside 

Air  recirculated 
within  room  units 

Relative 
humidity  % 

Design 

temperature,  °C 

Patient  room 

a 

2 

6b 

— 

— 

30(W),  50(S) 

24  ±1 

Newborn  nursery  suite 

a 

2 

6 

- 

No 

30-60 

22-26 

Labour/delivery/recovery 

a 

2 

6b 

- 

- 

30(W),  50(S) 

24  ±1 

Patient  corridor 

a 

2 

4 

- 

- 

- 

- 

General  inpatient  area  not 
covered  in  ASHRAE 
Application  handbook  [1  ] 

a 

2 

4 

30-60 

<24 

a  Continuous  directional  control  not  required. 

b  Total  air  changes  per  room  may  be  reduced  to  four  when  using  supplemental  heating  and/or  cooling  systems  (radiant  heating  and  cooling,  baseboard  heating,  etc.). 


in  healthcare  buildings.  Some  bacteria  are  waterborne  and  can 
survive  better  in  a  humid  environment.  Therefore,  codes  and 
guidelines  for  temperature  and  humidity  range  criteria  in  some 
areas  of  healthcare  buildings  are  influenced  by  the  measure  of 
infection  control  as  well  as  comfort  [1].  As  a  variable  of  thermal 
comfort  conditions,  indoor  air  movement  can  control  or  spread  the 
infection  in  hospitals.  Therefore,  in  such  buildings  the  air-handling 
systems  should  provide  air  movement  patterns  that  minimize  the 
spread  of  contamination.  Table  1  briefly  presents  some  factors  of 
indoor  air  quality  recommended  by  ASHRAE  [1  ]. 

In  2006  Murphy  has  produced  Table  2  based  on  the  differ¬ 
ent  guidelines  for  indoor  temperature,  humidity  and  air-change 
requirements  for  operation  and  surgery  rooms,  and  has  noted  that 
the  surgeon  expects  a  lower  room  temperature  than  those  stated  in 
these  guidelines  [2].  The  major  problem  as  he  has  noted  in  his  study 
is  the  need  for  lower  air  temperature,  the  high  relative  humidity 
and  the  condensation  risk  in  surgery  rooms.  In  Table  3,  based  on 
the  loads  for  calculation  of  the  Space  Sensible  Heat  Ratio  (SHR), 
Murphy  has  compared  three  different  cooling  systems  for  surgery 
rooms  to  try  to  resolve  this  problem,  which  is  difficult  to  be  resolved 
as  he  noted  in  the  study  [2]. 

Murphy  has  concluded  that  using  a  temperature-only  design 
approach  often  leads  to  a  system  that  is  unable  to  meet  both 
requirements,  especially  when  the  surgeon  lowers  the  thermostat 
point  [2].  He  also  has  concluded  that  the  output  of  the  system  has 
to  be  dryer  than  the  other  ordinary  buildings.  As  a  solution,  an  addi¬ 
tional  unit  (system  of  series  desiccant  wheel)  could  be  added  to  the 
ordinary  systems  to  deliver  dryer  air  (at  lower  dew  point)  without 
lowering  the  coil  temperature,  so  universal  chillers  can  be  used. 
Fig.  1  and  Fig.  2  present  this  solution. 

Kameel  and  Khalil  in  2003  in  their  study  on  healthcare  applica¬ 
tions  have  explained  that  air  temperature  and  relative  humidity  can 
inhibit  or  promote  the  growth  of  bacteria  and  activate  or  deactivate 
viruses,  and  guidelines  specify  temperature  and  humidity  range 
criteria  in  some  hospital  areas  as  a  measure  for  infection  control 
as  well  as  comfort  [3].  High  temperature  may  cause  an  increased 
out-gassing  of  toxins  from  building  materials  and  low  temperature 
can  cause  occupant  discomfort  including  shivering,  inattentiveness 
and  muscular  and  joint  tension.  Relative  humidity  affects  occupant 


Table  2 

Temperature,  humidity,  and  air-change  requirements  for  surgery  rooms  [2]. 


Dry  bulb, 

°C 

Relative 
humidity  % 

Room  air 
change 

Outdoor  air 
change 

Outdoor 
air  % 

ASHRAE3 

20-24 

30-60 

25 

5 

20 

AIAb 

20-23 

30-60 

15 

3 

20 

VAC 

17-27 

45-55 

15 

15 

100 

a  ASHRAE  2003,  HVAC  Design  Manual  for  Hospitals  and  Clinics. 
b  American  Institute  of  Architects  (AIA)  2001 ,  Guidelines  for  design  and  construc¬ 
tion  of  hospital  and  health  care  facilities. 

c  United  State  Department  of  Veterans  Affairs  (VA)  2001,  HVAC  requirements  in 
surgery  area,  www.va.gov/facmgt. 


OA 


Fig.  1.  Air  handler  with  series  desiccant  wheel  [2]. 


comfort  both  directly  and  indirectly.  Low  humidity  affects  comfort 
and  health  in  ways  such  as  drying  nose,  throat,  eyes  and  skin,  par¬ 
ticularly  when  the  humidity  ratio  is  low  and  causes  a  dew  point 
less  than  0°C. 

Referring  to  other  studies  [4,5],  Kameel  and  Khalil  have  noted 
that  low  humidity  can  increase  susceptibility  to  respiratory  disease 
as  well  as  affect  comfort  and  it  can  contribute  to  irritation  [3].  They 
also  have  noted  that  when  the  dew  point  temperature  is  less  than 
2°C,  then  lower  relative  humidity  increases  eye  discomfort,  and 
higher  levels  of  relative  humidity  reduce  comfort.  Thermal  sensa¬ 
tion  is  a  good  indicator  of  overall  thermal  comfort  and  acceptability 
at  lower  levels  of  humidity.  However,  referred  to  a  study  done  by 
Tanabe  et  al.  in  high  humidity  levels,  thermal  sensation  alone  is  not 
a  reliable  predictor  [6].  Kameel  and  Khalil  have  indicated  that  an  air 


Chilled  Water  From 
Existing  Central  Plant 


Fig.  2.  Air  handler  with  series  desiccant  wheel  served  by  existing  central  plant  [2]. 
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Table  3 

System  comparisons  at  design  load  [2]. 
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Space  RH 

Cooling  capacity 

Leaving-coil  DB 

Reheat  capacity 

Cool  and  reheat  (single  cooling  coil) 

60% 

3  tons 

9  °C 

8500  Btu/h 

(10.6  KW) 

(2.5  kW) 

Cool  and  reheat  (two  cooling  coils  in  series) 

60% 

3  tons 

8500  Btu/h 

(10.6  KW) 

(2.5  kW) 

Upstream  cooling  coil 

1.8  tons 

13  °C 

(6.3  KW) 

Downstream  cooling  coil 

1.2  tons 

9  °C 

(4.2  KW) 

Series  desiccant  wheel 

55% 

2.1  tons 

11  °C 

0 Btu/h 

(7.4  KW) 

(OkW) 

velocity  of  0.1  m/s  is  sufficient  in  occupied  areas  of  patient  rooms 
[3]. 

Ninomura  et  al.  in  2001  have  explained  that  to  satisfy  patient 
comfort,  in  patient  rooms  the  total  air  changes  per  hour  must  be  a 
minimum  of  6  ACH,  but  in  rooms  with  supplemental  heating  and/or 
cooling  this  rate  may  be  reduced  to  4  ACH  [7].  Based  on  previous 
research  they  concluded  that  the  rate  of  two  ACH,  which  was  used  in 
patient  rooms  before,  would  create  a  stuffy  room.Different  groups 
means  different  requirements 

Some  other  researches  compare  the  thermal  comfort  conditions 
required  by  patients  in  hospitals,  with  regular  occupants  of  other 
buildings.  Variations  in  physical  and  mental  conditions  of  patients 
compared  with  normal  people  are  the  substance  of  these  kinds  of 
researches.  These  types  of  studies  almost  use  the  questionnaire 
and  monitoring  methods  to  compare  the  desired  thermal  comfort 
conditions. 

In  a  study  in  an  Italian  hospital  on  a  surgical  team,  based  on 
questionnaire  and  monitoring  methods,  Mazzacane  et  al.  in  2007 
concluded  that  it  is  difficult  to  realize  the  thermal  conditions  rec¬ 
ommended  by  ISPESL  guidelines  for  all  staff  in  the  operation  room 
[8,9].  This  is  due  to  the  different  levels  of  activities  during  the 
surgery  for  different  staff,  and  according  to  the  different  kinds  of 
surgery. 

In  their  study  in  hospital  operating  rooms,  Balaras  et  al.  have 
noted  that  thermal  comfort  as  a  parameter  of  indoor  air  qual¬ 
ity  in  operating  rooms  affects  the  working  conditions,  well-being, 
safety  and  health  of  the  medical  personnel  who  work  in  these 
environments.  They  have  indicated  that  the  desirable  indoor  air 
temperature  is  20-24  °C  according  to  international  standards,  but 
use  of  lower  or  higher  temperature  is  acceptable  when  patient  com¬ 
fort  and/or  medical  conditions  require  those  conditions.  In  addition, 
they  noted  that  higher  indoor  air  temperatures  might  cause  dis¬ 
comfort,  as  well  as,  the  more  favourable  growing  conditions  for 
bacteria  or  their  migration  from  and  to  the  patient  [10]. 

Referring  to  other  study,  Balaras  et  al.  also  reported  slightly 
cool  to  cold  thermal  sensation  of  anaesthetists  and  nurses,  against 
slightly  warm  to  warm  thermal  sensation  for  surgeons,  especially 
when  the  air  temperature  is  below  21  °C  in  operating  rooms.  They 
have  noted  that  heaver  gown  requirements  used  by  the  surgical 
team  to  protect  them  (i.e.  because  of  AIDS)  may  require  an  indoor 
temperature  down  to  1 8  °C  or  even  lower  [  1 0,1 1  ].  They  also  referred 
to  Mora  et  al.  have  reported  a  radiant  asymmetry  ranging  from  6  °C 
to  7°C  over  the  operating  table,  and  from  10°C  to  12  °C  over  the 
floor  level  (at  a  height  of  1 .1  m),  because  of  thermal  radiation  emit¬ 
ted  from  surgical  lights,  regardless  of  the  indoor  air  temperature 
[  1 1  ].  In  terms  of  humidity,  Balaras  et  al.  have  noted  that  the  humid¬ 
ity  level  is  related  to  space  hygiene  and  thermal  comfort  conditions, 
so  it  has  to  be  within  the  accepted  levels.  Higher  levels  of  humidity 
cause  growth  and  transfer  of  bacteria  as  well  as  thermal  discom¬ 
fort;  lower  levels  favour  blood  coagulation,  skin  drying  and  thermal 
discomfort.  Referred  to  international  standards  they  have  recom¬ 
mended  levels  of  relative  humidity  from  30%  to  60%,  but  because  of 


the  possible  use  of  inflammable  anaesthetic  gases  and  frequent  uses 
of  volatile  liquids,  and  therefore  in  order  to  prevent  the  accumu¬ 
lation  of  static  electricity,  the  relative  humidity  should  sometimes 
be  even  higher  than  60%  in  operation  rooms  [10]. 

In  order  to  study  the  patient  thermal  requirement  in  hospital 
environments,  a  study  has  been  done  in  Taiwan  [12].  The  study  was 
based  on  a  survey  to  compare  the  ASHRAE  standard  55  recommen¬ 
dations  for  thermal  comfort  -  which  is  generally  for  healthy  people 
-  with  patients.  The  study  used  a  questionnaire  as  the  research 
method;  it  assessed  eighty-three  medical  and  surgical  wards  [13]. 
The  study  performed  both  objective  physical  measurements  and 
subjective  assessments  of  thermal  environment  for  each  ward. 
They  noted  that  preparing  a  comfortable  thermal  environment 
helps  to  stabilize  the  moods  of  patients  and  it  assists  their  heal¬ 
ing.  Comparison  of  achieved  results  from  patients  in  hospitals  with 
results  achieved  from  ordinary  people  in  office  environments  was 
one  of  the  main  purposes  in  this  study.  Referred  to  other  studies, 
this  study  has  used  the  data  achieved  from  field  studies  in  thermal 
comfort  in  offices  that  were  been  done  by  de  Dear  and  Fountain 
[14]  and  Chanetal.  [15].  Hwang  etal.  concluded  that  only  40%  of  all 
measured  thermal  environments  were  within  the  ASHRAE  recom¬ 
mended  comfort  zone,  and  although  47%  were  above  the  humidity 
ranges  that  recommended  by  this  standard  the  patients  in  Taiwan 
were  accepting  much  higher  humidity  ranges  than  that  in  ASHRAE 
Standard  55  [  1 2  ].  The  study  also  revealed  that  physical  strength  has 
a  highly  significant  effect  on  thermal  comfort  sensation,  whereas 
the  gender,  age,  and  acclimatization  have  not.  The  study  also  con¬ 
cluded  that  patients  expect  a  warmer  indoor  environment  than 
neutrality. 

In  their  literature  review  on  staff  thermal  comfort  and  patient 
thermal  risks  in  operating  rooms,  Melhado  et  al.  in  2006  have 
shown  the  importance  of  investigation  this  field  of  study  [16]. 
Regarding  to  other  study  by  Guyton,  Melhado  et  al.  have  addressed 
that  outside  the  normal  body  temperature,  which  is  about  37  °C 
(36.1 -37.2  °C),  a  person  is  considered  to  be  sick,  however,  he/she 
can  survive  at  a  range  of  32-42  °C  [17].  Regarding  the  type  of 
surgery,  they  have  also  noted  that  the  thermal  comfort  variables  can 
change,  because  of  the  different  conditions  of  patients,  the  different 
activities  of  staff,  the  different  types  and  numbers  of  equipments 
and  lights  and  so  on.  Melhado  et  al.  have  discussed  that  although 
there  is  a  research  that  shows  the  link  between  thermal  comfort 
for  staff  and  their  levels  of  productivity,  no  studies  have  been  con¬ 
ducted  yet  in  hospitals  in  this  field  [16].  They  also  discussed  that,  to 
prevent  patient  thermal  risk,  the  temperature  must  not  drop  below 
21  °C  referred  to  Johnston  and  Hunter  [18].  Moreover,  referred  to 
other  studies  done  by  Leslie  and  Sessler  and  Wildt  they  discussed 
that  a  temperature  above  23  °C  is  usually  intolerable  for  the  surgical 
staff,  however  a  temperature  between  24  °C  and  26  °C  is  suitable  for 
thermal  comfort  in  general.  Using  active  warming  devices  can  pre¬ 
vent  hypothermia  more  effectively  than  passive  coverings  [19,20]. 
It  is  preferred  to  position  these  devices  above  the  patient  for  more 
efficiency  referred  to  Leslie  and  Sessler  [19].  Referring  to  Mora, 
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Humidity  ratio  (gw/kga) 


Melhado  et  al.  also  have  noted  that  the  thermal  sensation  of  the 
surgeon  and  nurse  is  hot,  while  the  anaesthesiologist  sometimes 
feels  the  sensation  of  cold  [21  ].  To  solve  this  problem  they  referred 
to  Mora  that  different  thermal  zones  are  required  based  on  dif¬ 
ferent  temperature  and  air  velocity  for  different  thermal  comfort 
requirements  in  operating  rooms. 

Melhado  et  al.  have  concluded  that  guarding  the  operating  room 
against  infection  and  achieving  good  indoor  air  quality  are  the  main 
concerns,  so  there  is  very  little  research  about  staff  and  patient  ther¬ 
mal  comfort.  They  also  have  concluded  that  there  are  important 
areas,  which  still  need  to  be  focused  on  including:  thermal  com¬ 
fort  for  staff  and  its  relation  with  their  productivity,  using  different 
heating  systems  to  prevent  hypothermia  in  the  patient  and  their 
influence  on  staff  thermal  comfort,  improving  staff  thermal  com¬ 
fort  and  preventing  hypothermia  in  the  patient  in  same  time.  As 
another  conclusion,  they  added  that  due  to  different  types  of  activ¬ 
ities  for  staff,  different  types  of  patients,  different  types  of  lights 
and  occupants  and  so  on,  there  is  a  strong  need  for  future  research 
to  evaluate  staff  thermal  comfort  during  different  surgeries  [16]. 

In  2006,  Skoog  has  studied  the  relative  humidity  in  Swedish  hos¬ 
pitals  during  the  summer  and  the  winter  [22].  The  research  method 
used  in  this  study  is  a  combination  of  objective  measurements  and 
questionnaires.  The  study  selected  40  staff  and  35  patients  in  a  hos¬ 
pital  ward  as  participants.  Skoog  has  noted  from  other  studies  done 
by  Berglund  and  Reinikainen,  that  low  air  humidity  affects  comfort 
and  health,  as  reducing  the  air  relative  humidity  increases  respi¬ 
ratory  problems  [22-24].  Moreover,  fewer  complaints  of  dry  skin 
and  nose  and  throat  irritation  are  seen  in  the  humidified  part  of  a 
building  than  in  a  non-humidified  part.  Skoog  has  concluded  that 
both  indoor  air  relative  humidity  and  indoor  air  temperature  are 
low  in  Swedish  hospitals  [22].  According  to  the  psychometric  chart 
from  her  study  (Fig.  3),  she  has  shown  that  low  relative  humidity, 
some  around  15%  were  recorded  in  the  case  study  during  the  win¬ 
ter.  She  concluded  there  is  a  clear  need  for  humidification  in  these 
conditions.  The  study  also  compared  the  results  achieved  from  the 
objective  measurements  and  the  questionnaires.  Fig.  4  presents  the 
difference  in  optimal  operative  temperature  for  patients  and  staff 
for  both  summer  and  winter  resulting  from  their  study,  from  which 
they  concluded  that  it  is  wrong  to  treat  the  patients  and  staff  as  one 
coherent  group  of  users  with  the  same  needs  and  performances. 

However,  by  analysing  the  questionnaires  Skoog  has  shown 
that  both  patients  and  staff  are  satisfied  with  the  indoor  air 
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Fig.  4.  Optimal  operative  temperature  in  summer  and  winter  [22]. 


temperature  in  both  summer  and  winter  seasons  [22].  This  find¬ 
ing  contradicts  the  conclusion  drawn  from  Fig.  4.  They  discussed 
that  mistakes  in  assessed  activity  levels  and  clothing  levels  of  both 
types  of  occupants  could  generate  this  difference.  As  the  fact  is  that 
the  occupants  can  adapt  themselves  to  the  environment  through 
increasing  or  decreasing  of  clothing  levels;  and  that  the  predic¬ 
tion  of  the  activity  levels  is  difficult  now  that  the  participants  are 
answering  the  questionnaires  [22].  The  combined  effects  of  air  and 
mean  radiant  temperature  can  be  combined  into  a  single  index, 
the  operative  temperature,  based  on  study  done  by  Butera  [25]. 
Butera  has  noted  that  the  operative  temperature  t0  be  defined  as 
the  uniform  temperature  (i.e.  equal  values  of  tmr  and  t0)  of  an 
imaginary  enclosure  in  which  man  would  exchange  the  same  dry 
heat  by  radiation  and  convection  as  in  the  actual  environment. 
For  thermally  moderate  environments  and  for  tmr  -  ta  <  4  °C,  it  may 
be  assumed  that  t0  =  (tmr  +  ta)/2.  The  operative  temperature  can  be 
obtained  by  measurement  using  a  globe  thermometer  and  a  dry 
bulb  thermometer. 

Referred  to  other  studies,  in  another  study  Skoog  et  al.  in  2005 
have  noted  that  due  to  the  risk  of  infection  in  hospitals,  the  indoor 
air  quality  has  to  be  better.  Skoog  et  al.  added  that  the  patients 
according  to  lower  levels  of  activity  need  a  higher  operative  tem¬ 
perature;  medicine  taken  by  patients  may  affect  the  metabolism 
of  them;  and  patients  with  different  thermal  requirements  may  be 
located  in  the  same  wards  [26-31  ]. 

Hashiguchi  et  al.  in  2005  have  studied  the  indoor  environment 
for  occupants  in  a  hospital  during  the  winter  [32].  This  study  was 
based  on  objective  measurements  and  subjective  questionnaires 
methodology.  The  investigation  studied  36  patients  and  45  staff 
including  nurses  and  nurses’  aides  in  a  hospital  in  Japan.  The  survey 
was  undertaken  in  20  sickrooms,  and  at  the  nurse  stations  and  in 
the  corridors  of  three  floors  in  5  stories  hospital,  in  8  weeks  with  a 
30  min  interval  in  measurements. 

Hashiguchi  et  al.  have  concluded  that  the  air  temperature  in  the 
sickrooms  was  lower  than  the  ranges  indicated  in  standards,  but 
the  difference  was  not  significant.  However,  the  average  recorded 
relative  humidity  (less  than  40%)  reached  levels  known  to  promote 
the  spread  of  influenza  viruses.  They  also  concluded  that  in  contrast 
with  the  staff,  no  direct  relation  between  the  thermal  comfort  sen¬ 
sations  for  patients  and  the  indoor  relative  humidity  was  seen.  Both 
staff  and  patients  have  indicated  itching  skin  and  thirsting,  partic¬ 
ularly  when  the  heating  system  was  on.  In  conclusion,  most  nurses 
were  aware  of  their  own  itchy  skin  and  thirst,  they  were  aware 
of  the  ill  effects  of  the  heating  on  patient  conditions  as  well,  and 
finally  they  did  not  consider  the  thermal  environments  in  wards  as 
comfortable  working  space  in  this  survey  during  winter  [32]. 
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Melhado  et  al.  by  using  both  EnergyPlus  and  Cterm  simulation 
software  have  investigated  the  influence  of  three  layouts  of  operat¬ 
ing  rooms  on  the  indoor  environment  control,  on  thermal  comfort 
and  on  energy  consumption  in  sixty  cases  in  five  Brazilian  cities  in 
different  regions  [33].  As  an  introduction,  they  have  noted  that  the 
indoor  air  quality  is  very  important  to  patients’  medical  require¬ 
ments  and  it  could  be  part  of  treatment  and  there  is  influence  of 
the  environment  in  the  infection  control.  They  also  noted  that  due 
to  various  types  of  clothing  levels  it  is  important  to  evaluate  the 
predicted  mean  vote  (PMV)  in  the  operating  room.  Melhado  et  al. 
have  concluded  that  the  layout  of  the  operating  room  has  a  little 
influence  on  thermal  comfort  [33].  They  also  concluded  that  ther¬ 
mal  comfort  in  the  operating  room  was  influenced  by  the  type  of 
surgery  because  the  requirements  and  the  heating  sources  were  dif¬ 
ferent,  and  also  concluded  that  thermal  comfort  was  influenced  by 
the  local  climate.  In  all  case  studies  in  the  research  in  terms  of  envi¬ 
ronment  control,  the  temperature  and  relative  humidity  remained 
within  the  required  ranges  so  no  conditions  were  favourable  for 
growth  of  microorganisms.Iranian  case  study 

In  a  study  undertaken  by  the  authors  in  2008,  the  thermal  com¬ 
fort  conditions  required  by  occupants  in  Iranian  hospitals  were 
investigated  [34-36].  To  study  the  indoor  thermal  comfort  condi¬ 
tions  currently  provided  for  hospitals’  occupants  including  patients 
and  staff,  14  patient  rooms  in  four  Iranian  different  hospitals  were 
selected  as  case  studies.  A  short  term  monitoring  exercise  was 
undertaken  in  the  case  studies  to  enable  the  more  accurate  pre¬ 
diction  of  the  indoor  thermal  comfort  conditions  being  provided 
for  occupants. 

Patients  that  were  able  to  be  covered  and  those  that  were  not 
able  to  be  covered  regarding  their  medical  conditions  and  hospital 
staff  were  selected  as  the  main  groups  of  occupants  in  this  study.  A 
theoretical  study  was  undertaken  to  determine  the  desired  levels 
of  thermal  comfort  conditions  required  by  these  different  groups 
of  occupants. 

To  reconcile  the  different  thermal  comfort  conditions  require¬ 
ments,  a  common  range  of  operative  air  temperature  and  different 
ranges  of  radiant  temperature  were  found  to  be  needed.  The 
study  found  that  although  the  monitored  rooms  were  generally 
within  the  recommended  ranges  of  the  Iranian  thermal  regulations 
(M.P.O.)  [37];  they  were  generally  out  of  the  thermal  comfort  zones 
recommended  by  ISO7730  [38],  ASHRAE  55R  and  CIBSE  [39]. 

This  study  also  showed  that  the  different  groups  of  hospital 
occupants  had  such  widely  varying  thermal  comfort  requirements 
that  they  were  difficult  to  accommodate  in  one  space.  The  study 
concluded  that  theoretically  providing  different  radiant  temper¬ 
atures  for  the  different  occupants  could  reconcile  their  different 
thermal  comfort  requirements  in  one  space  for  a  narrow  range  of 
air  temperatures  [34]. Hospital  indoor  air  and  the  process  of  healing 

There  are  some  others  studies  that  indicate  the  indoor  thermal 
conditions  of  hospitals  as  a  part  of  the  healing  process  of  patients. 
Wagner  et  al.  in  2006  referred  to  other  studies  such  as  Fossum 
et  al.  and  Wagner,  have  noted  that  memories  of  thermal  comfort  or 
discomfort  during  surgery  have  an  effect  on  a  patient’s  overall  satis¬ 
faction  with  surgical  care.  Also  referred  to  other  studies  they  added 
that  warming  a  patient  preoperatively  is  more  effectively  accom¬ 
plished  by  using  an  active  warming  method  such  as  a  convective 
method  including  warmed  air.  In  addition,  they  have  defined  cold  as 
an  uncomfortable  sensation  that  can  increase  restlessness,  aggra¬ 
vate  pain,  and  decrease  overall  patient  satisfaction  [40-44].  Gagge 
and  Nishi  in  1977  have  noted  that  the  combined  effect  of  exter¬ 
nal  thermal  environment  and  internal  metabolic  heat  production 
constitutes  thermal  stress  on  the  body  [45]. 

Referred  to  a  study  done  by  Parsons  in  2002  thermal  sensation  is 
related  to  how  people  “feel”  and  is  therefore  a  sensory  experience 
and  a  psychological  phenomenon  [46].  Many  studies  have  corre¬ 
lated  the  physical  conditions  and  the  physiological  response  with 


the  thermal  sensation  to  provide  models  for  predicting  the  thermal 
sensation  of  groups  of  individuals.  It  is  important  to  recognize  that 
thermal  sensation  is  how  the  person  feels,  not  how  the  environ¬ 
ment  may  be  described.  Although  referred  to  Fanger  1970,  human 
thermal  environments  are  defined  by  six  basic  parameters,  but 
Parsons  indicated  that  it  is  the  integration  of  the  parameters  that 
determines  the  thermal  state  of  the  body,  and  thermal  sensation 
is  determined  by  the  “thermal  state”  of  the  body  and  not  an  envi¬ 
ronmental  component  [46,47].  However,  the  authors  confirm  that 
thermal  sensation  of  occupants  can  be  a  good  indicator  in  terms  of 
their  thermal  requirements,  but  in  terms  of  patients  who  are  not  in 
usual  physical  or  mental  conditions;  their  thermal  sensations  might 
be  false.  Using  medicines,  losing  the  sensory  receptors  in  some 
patients  and  other  factors  can  cause  unrealistic  thermal  sensations. 


3.  Discussion 

It  is  good  to  point  out  that  guarding  the  patient  against  infection 
and  providing  a  good  indoor  air  quality  are  the  two  main  concerns 
in  hospitals  while  there  is  very  little  research  in  thermal  comfort  for 
patient  and  staff  in  the  body  of  literatures.  However,  good  indoor 
air  quality  could  be  part  of  treatment  and  it  affects  the  infection 
control,  but  preparing  a  comfortable  thermal  environment  helps  to 
stabilize  the  emotional  moods  of  patients  and  it  assists  with  their 
healing  process.  In  addition,  it  is  point  of  discussion  that  memo¬ 
ries  of  thermal  comfort  or  discomfort  during  surgery  have  an  effect 
on  a  patient’s  overall  satisfaction  with  surgical  care.  The  combined 
effect  of  external  thermal  environment  and  internal  metabolic  heat 
production  constitutes  thermal  stress  on  the  body. 

Patients  expect  a  warmer  indoor  environment  than  neutrality. 
Medicine  taken  by  patients  may  affect  their  metabolism.  Cold  is  an 
uncomfortable  sensation  that  can  increase  restlessness,  aggravate 
pain,  shivering,  inattentiveness,  muscular  and  joint  tension,  and 
decrease  overall  patient  satisfaction.  Using  active  warming  devices 
can  prevent  hypothermia  more  effectively  than  passive  coverings. 
It  is  preferred  to  position  these  devices  above  the  patient  for  more 
efficiency. 

To  prevent  the  patient  thermal  risk  in  operating  rooms  the  tem¬ 
perature  must  not  drop  below  21  °C  and  a  temperature  above  23  °C 
is  usually  intolerable  for  the  surgical  staff;  however,  a  tempera¬ 
ture  between  24  °C  and  26  °C  is  suitable  for  thermal  comfort  in 
general.  Desirable  indoor  air  temperature  is  20-24  °C  according  to 
international  standards,  but  use  of  lower  or  higher  temperature  is 
acceptable  when  patient  comfort  and/or  medical  conditions  require 
those  conditions. 

From  the  review,  we  can  say  that  thermal  comfort  as  a  parameter 
of  indoor  air  quality  in  hospital  affects  the  working  conditions,  well¬ 
being,  safety  and  health  of  the  medical  personnel  who  work  in  these 
environments. 

Using  a  temperature-only  design  approach  often  leads  to  a  sys¬ 
tem  that  is  unable  to  meet  both  patient  and  staff  requirements, 
especially  when  staff  lowers  the  thermostat  point.  As  a  solution,  an 
additional  unit  could  be  added  to  the  ordinary  systems  to  deliver 
dryer  air  without  lowering  the  coil  temperature. 

Thermal  comfort  variables  can  change,  based  on  different  con¬ 
ditions  of  patients,  the  different  activities  of  staff,  the  different 
types  and  numbers  of  equipments.  To  solve  this  problem  the  best- 
recommended  option  is  to  prepare  different  thermal  zones  based 
on  different  temperature  and  air  velocity  for  different  thermal  com¬ 
fort  requirements. 

Higher  levels  of  humidity  would  cause  the  growth  and  transfer 
of  bacteria  as  well  as  thermal  discomfort;  lower  levels  of  humidity 
favour  blood  coagulation,  skin  and  nose  drying,  throat  irritation, 
respiratory  problems  and  thermal  discomfort.  International  stan¬ 
dards  have  recommended  levels  of  relative  humidity  from  30%  to 
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60%,  but  because  of  possibility  uses  of  in-flammable  anaesthetic 
gases  and  frequently  uses  of  volatile  liquids,  in  order  to  prevent  the 
accumulation  of  static  electricity,  the  relative  humidity  should  be 
in  higher  levels  even  more  than  60%  in  operation  rooms. 

Indoor  air  movement  as  a  variable  of  thermal  comfort  condi¬ 
tions  can  control  or  spread  the  infection  in  hospitals.  Air  velocity 
of  0.1  m/s  is  sufficient  in  occupied  areas  of  patient  rooms.  To  sat¬ 
isfy  patients’  comfort,  within  patients’  rooms  the  total  air  changes 
per  hour  must  be  6  ACH,  but  in  rooms  with  supplemental  heating 
and/or  cooling  this  rate  may  be  reduced  to  4  ACH. 

4.  Conclusion  and  recommendations 

All  the  studies  in  this  literature  review  were  undertaken  in 
just  a  single  hospital  for  each  case  study,  and  generally  for  one 
type  of  occupant.  Making  general  conclusions  based  on  the  results 
achieved  from  just  one  case  study  is  considered  insufficient  by 
the  author  where  the  literature  reviewed  of  this  study  would  be 
considered  to  be  lacking. 

In  the  literature  review,  whenever  the  studies  referenced  tried 
to  discuss  the  thermal  conditions  for  different  groups  of  occupants 
in  one  room,  the  studies  ended  up  simply  presenting  comparisons 
of  thermal  comfort  satisfaction  based  on  the  subjective  studies.  No 
study  in  the  literature  tried  to  reconcile  the  different  thermal  com¬ 
fort  requirements  of  different  types  of  occupants  who  compulsorily 
must  stay  in  one  room.  Therefore,  it  looks  to  be  necessary  to  inves¬ 
tigate  the  different  thermal  conditions  required  by  different  groups 
of  occupants  in  hospitals  to  reconcile  their  different  requirements 
in  this  concept.  To  reconcile  the  differences  in  the  required  thermal 
comfort  conditions  the  study  recommends  testing  the  possibility  of 
using  different  ranges  of  local  radiant  temperature  in  one  room  via 
a  suitable  mechanical  system. 

Although  different  researches  are  undertaken  on  thermal  com¬ 
fort  for  patients  in  hospitals,  it  is  also  necessary  to  study  the  effects 
of  thermal  comfort  conditions  on  the  quality  and  the  quantity  of 
healing  for  patients  in  hospitals.  There  are  also  original  researches 
that  show  the  link  between  thermal  comfort  for  staff  and  their 
levels  of  productivity,  but  no  studies  have  been  produced  individ¬ 
ually  in  hospitals  in  this  field.  Therefore,  this  study  recommends 
researches  for  coverage  and  methods  individually  for  this  subject. 
The  authors  also  recommend  research  in  terms  of  cooling  and  heat¬ 
ing  delivery  systems  for  patients  with  low  levels  of  immune  system 
protection  such  as  HIV  patients,  burned  patients,  etc.  However, 
there  is  research  that  shows  the  link  between  thermal  comfort  for 
staff  and  their  levels  of  productivity,  but  no  study  have  been  pro¬ 
duced  in  hospitals  in  this  field.  There  are  important  areas,  which 
still  need  to  be  focused  on  including  thermal  comfort  for  staff  and 
its  relation  with  their  productivity,  using  different  heating  system 
to  prevent  hypothermia  in  the  patient  and  to  improve  the  thermal 
comfort  for  hospital  staff  simultaneously. 

Finally,  the  authors  believe  that  the  interaction  between  people, 
systems  and  architectural  design  in  hospitals  is  a  field  in  which 
require  further  work  needed  to  improve  the  knowledge  of  how  to 
design  buildings  and  systems  to  reconcile  many  conflicting  factors 
for  the  people  occupying  these  buildings. 
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